RM Leech, SA McNaughton and A Timperio BACKGROUND/OBJECTIVES: Research suggests obesity-related behaviours cluster together in children and adolescents, but how these cluster patterns differ by sociodemographic indicators remains unclear. Furthermore, few studies examining clustering of behaviours have included younger children or an objective measure of physical activity (PA) and sedentary behaviour. Therefore, the aim of this study was to examine clustering patterns of diet, PA and sedentary behaviour in 5-to 6-and 10-to 12-year-old children, and their cross-sectional associations with sociodemographic indicators. SUBJECTS/METHODS: In this cross-sectional study, data from the baseline wave (2002/2003) of the Health Eating and Play study (HEAPS) were used. Questionnaires were completed by parents of Australian children aged 5-6 (n ¼ 362) and 10-12 years (n ¼ 610). Children wore accelerometers for up to 7 days. K-medians cluster analysis identified groups of children with similar diet, PA and sedentary behaviours. Chi-square tests assessed cluster differences by gender, maternal education and marital status. RESULTS: For each age group, three reliable and meaningful clusters were identified and labelled 'most healthy', 'energy-dense (ED) consumers who watch TV' and 'high sedentary behaviour/low moderate-to-vigorous PA (MVPA)'. Clusters varied by sociodemographic indicators. For example, a higher proportion of older girls comprised the 'high sedentary behaviour/low MVPA' cluster (w 2 ¼ 22.4, Po0.001). Among both age groups, the 'ED consumers who watch TV' cluster comprised more children with lower educated mothers (younger children: w 2 ¼ 34.9, Po0.001; older children: w 2 ¼ 27.3, Po0.001). CONCLUSIONS: Identification of cluster patterns of obesity-related risk factors in children, and across sociodemographic groups may assist the targeting of public health initiatives, to those most in need.
INTRODUCTION
Poor dietary habits, physical inactivity and a sedentary lifestyle are important modifiable contributors to obesity and its associated comorbidities. 1, 2 However, recent Australian data show that many children and adolescents consume too few fruit and vegetables (FVs) and do not achieve recommendations of 60 min of moderate-to-vigorous physical activity (MVPA) per day. 3, 4 Instead many young people regularly consume 'extra' foods high in sugar and/or fat but nutrient poor, and engage in sedentary, screen-based activities well above the recommended maximum of 120 min per day. 3, 4 Furthermore, these behaviours tend to persist into adulthood, highlighting the need for intervention early in life. [5] [6] [7] [8] It is well recognised that influences on obesity are multifold. 9 This recognition has manifested into a recent shift towards investigating how obesity-related behaviours cluster together among youth. [10] [11] [12] There is evidence [10] [11] [12] [13] that poor dietary behaviours, low levels of physical activity (PA) and high levels of sedentary behaviour tend to cluster in certain subgroups. For example, using cluster analysis (CA) to analyse data from the National Longitudinal Study of Adolescent Health, BooneHeinonen et al. 13 identified multiple gender-specific clusters with unique obesity-related behaviour patterns. Ottevaere et al. 11 found that only 18% of adolescents aged 12-17 years had scores for PA, sedentary behaviour and dietary patterns indicative of a healthy lifestyle, whereas 21% had scores that were consistent with an unhealthy lifestyle. However, to date, there are few studies that have examined the clustering of obesity-related behaviours in children under 9 years and there is a need for clusters to be determined from valid and reliable measures. Current research in this area is mostly dependent on self-report measures of all behaviours examined, increasing the potential for misclassification bias. Few studies examining the clustering of obesity-related behaviours have used objective measures of PA 12, [14] [15] [16] and no study could be found that has used an objective measure of sedentary behaviour.
When designing interventions to combat obesity, it is also crucial to understand in whom obesity-related behaviours cluster. However, inconsistent associations between cluster patterns and sociodemographic indicators have been found, [11] [12] [13] 15, [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] and few studies have examined diet, PA and sedentary behaviour simultaneously. [11] [12] [13] [17] [18] [19] [20] Therefore, the aims of this study are to examine the clustering patterns of diet, PA and sedentary behaviour in a population-based sample of Australian children aged 5-6 and 10-12 years and to examine differences in clusters according to sociodemographic profile.
(younger children) and 10-12 years (older children) were recruited from state and Catholic primary schools in greater Melbourne, Australia. Children were recruited from nine, seven and eight randomly selected schools in high, middle and low socioeconomic (SE) areas, 29 respectively. In total, families of 1612 younger children and 2085 older children were invited to participate. Informed consent to participate was received for 615 younger children (38% response rate; mean age ¼ 5.8 ± 0.4) and 947 older children (45% response rate; mean age ¼ 11.2±0.6). Response rates by schools within low, middle and high SE areas were 24%, 31% and 42%, respectively. Data were collected between October 2002 and November  2003 for younger children and between February 2003 and October 2003 for older children.
Children took home questionnaires about their TV/DVD viewing and food intake for parents to complete in their own time. Questionnaires were mostly completed by the mother/female carer (younger children: 91% and older children: 83%) and returned to the school in sealed envelopes marked confidential. Children had accelerometers fitted at school by trained researchers. Test-retest reliability was established for all questionnaire items in a subsample of 133 parents who completed the questionnaire a second time 2-3 weeks later.
All the procedures involving human subjects were approved by the Deakin University Human Research Ethics Committee, the Victorian Department of Education and Training and the Catholic Education Office.
Measures
Diet. Dietary intake was assessed using a 56-item food frequency questionnaire (FFQ). Parents reported how often their child ate 14 fruits, 13 vegetables (excluding potatoes), 21 energy-dense (ED) foods and three high energy drinks in the past week (Supplementary Table 1 ). The FFQ comprises items identified from the 1995 Australian National Nutrition Survey as important contributors to the energy density of the diet for the target age groups. 30 Response categories were recoded to daily frequencies (frequency presented in parentheses): not eaten or drunk (0); once/week (0.143); 2-3 times/week (0.357); 4-6 times/week (0.714); once/ day (1); twice/day (2); three times/day (3); and four or more times/day (4). Participants with 10 or more missing items on the FFQ were excluded from the analyses (n ¼ 47). Missing values were highest (range 140-446) for the following FFQ items: lollies/other confectionary, pizza, cakes, slices, bananas, melons, grapes, kiwifruit and oranges. These missing values were set to zero for all participants with o10 missing FFQ items (n ¼ 808), an approach used in previous studies. 31 The FFQ items were summed to compute total frequency of FV consumption/day (intraclass correlation 0.84; 95% confidence interval 0.76-0.91) and total frequency of ED food/ drink consumption/day (intraclass correlation ¼ 0.65; 95% confidence interval 0.51-0.79).
Physical activity
Children's PA was assessed using accelerometer (Actigraph Model AM7164-2-2.2C, Manufacturing Technology Inc. (MT1), Fort Walton Beach, FL, USA). The Actigraph monitor has been extensively validated among youth in both laboratory and field settings. 32, 33 Children were asked to wear the accelerometer on their right hip for 7 days, except during waterbased activities and while sleeping. Daily non-wear-time was defined as the sum of 20-min periods of consecutive zero counts 34 and a daily wear-time of X8 h/day constituted a valid day. 35 Children who wore the accelerometer for a minimum of 4 valid days, including one weekend day, were included in analyses as this is the minimum monitoring period required to estimate habitual PA. 36 Age-specific cut-points were used to determine the time spent in MVPA (defined as X4 metabolic equivalents of rest). 37 Time spent in MVPA (min/day) was calculated by summing and averaging these values across valid days.
Sedentary behaviour
Sedentary time was defined as accelerometer counts o100 counts/min as this cut-point has previously shown good to excellent classification accuracy. 37 Time spent being sedentary (min/day) was calculated by summing and averaging these daily totals across all valid days, using the same criteria for valid wear-time as per the PA measure.
TV/DVD viewing
Parents reported the number of hours (range: 0-6 or more hours), in 30-min blocks, their child watched (1) commercial and (2) non-commercial TV/DVDs on a typical school and weekend day. Usual daily TV viewing (min/day) was calculated (test-retest reliability: intraclass correlation ¼ 0.78; 95% confidence interval 0.69-0.84). 28 
Participant characteristics
Parents reported their child's gender, whether English was usually spoken at home, marital status and the highest attained education level of the mother. Maternal education was used as the indicator of socioeconomic status (SES) as it has been shown to be a stronger predictor of adiposity than paternal education and other SES indicators. 38 Maternal education was categorised as: low (some high school or less); medium (some high school and/or a technical/trade certificate, or apprenticeship) and high (university qualification). Marital status was categorised as: married or defacto/living together and other (not married or defacto/living together).
Children's height was measured with a portable stadiometer (nearest 0.1 cm) and weight was measured with digital scales (nearest 0.1 kg) by trained researchers using standardised protocols. Body mass index ( ¼ weight (kg)/height(m 2 )) was calculated and children were classified as either a healthy weight or overweight/obese according to age-and sexspecific body mass index cut-points. 39 
Data analysis
All data management and statistical analyses were conducted using Stata statistical software, version 12.1 (Stata Inc., College Station, TX, USA). A twostep CA approach was performed by age group to identify subgroups of younger and older children with similar diet, PA and sedentary behaviour 40 for those with no missing data for the five-cluster variables (n ¼ 1004). Cluster variables were standardised (converted to Z-scores) before the CA to minimise the influence of variables with larger compared with smaller absolute measurement range. 40 First, hierarchical CA using Ward's method was performed to inform the range of clusters to run using k-medians CA. 40 The k-medians partition method aims to minimise the distance between observed median scores and the cluster centres (medioids) and is more robust to outliers than the k-means method. 40, 41 The Calinski-Harabasz rule was used to determine the first two optimal number of cluster solutions, with higher values corresponding to more distinct clusters. 40 These procedures were repeated in a subset of 284 participants and kappa was applied to assess reliability of the cluster solutions. The final number of clusters was based on the following criteria: high values of the Calinski-Harabasz index, and interpretability and reliability of the cluster solution.
A three-cluster solution was identified as the most reliable (younger children: K ¼ 0.88, Po0.0001; older children: K ¼ 0.96, Po0.001) representation of the study population. The group medians and interquartile ranges of the obesity-related behaviour variables were used to interpret the cluster solutions. Differences in these behaviours were assessed using the Kruskal-Wallis test, with post hoc pairwise significance of differences assessed using Dunn test (kwallis2 command). The latter analyses are for descriptive purposes only as CA aims to maximally separate participants into groups and differences would therefore be expected. 40 Pearson's w 2 test and independent t-tests were used to examine age group differences in baseline characteristics for categorical and continuous variables, respectively. Chi-square tests were used to examine differences in clusters according to gender, maternal education and marital status. The analyses presented are for 362 younger and 610 older children with complete data for all outcome and covariate variables. A P-value o0.05 was considered significant. Table 1 presents the characteristics of participants by age group. There were no significant differences in gender, marital status and maternal education between younger children and older children (P40.05). The proportion who spoke English at home was higher among younger children (P ¼ 0.045) and the prevalence of overweight/obesity was higher among older children (P ¼ 0.01).
RESULTS
CA revealed three clusters in younger and older children that were descriptively similar. Cluster labels are based on distinguishing features as shown by high or low median Z-scores relative to other clusters (Figures 1 and 2) . Table 2 presents the medians and interquartile ranges of the behavioural items by cluster solution for each age group. Overall, compared with older children, younger children had higher values for the healthy behaviours and lower values for the unhealthy behaviours within the clusters.
Cluster 1 (labelled 'most healthy') was characterised by the lowest intakes of ED food/drink and the least time watching TV. Older children in this cluster also spent the most time in MVPA and the least time being sedentary. Children in cluster 2 (labelled 'ED consumers who watch TV') had the highest reported intakes of ED food/drink consumption and watched the most TV. FV consumption was also lowest among older children in this cluster. Children in cluster 3 (labelled 'high sedentary behaviour/low MVPA') spent the least time in MVPA but the most time being sedentary.
All younger children achieved 60 min of MVPA per day and 82%, 67% and 33% of older children in the 'most healthy', 'high ED consumers who watch TV' and 'high sedentary behaviour/low MVPA' clusters achieved this recommendation, respectively. Almost all children (B100%) in the 'ED consumers who watch TV' cluster exceeded 120 min of TV viewing time, whereas 24% of younger and 57% of older children in the 'most healthy' cluster and 66% of younger and 77% of older children in the 'low sedentary behaviour/high MVPA' cluster exceeded this limit. Table 3 presents differences in sociodemographic characteristics according to cluster membership. There was a higher proportion of girls in the 'high sedentary behaviour/low MVPA' cluster compared with other clusters in both age groups (approached statistical significance in younger children, P ¼ 0.057). Compared with other clusters, the 'ED food/drink consumers who watch TV' cluster comprised a higher proportion (P ¼ 0.039) of older children whose parents were not married or in a defacto relationship. Among both age groups, there was a higher proportion of mothers with a low education level in the 'ED food/drink consumers who watch TV' cluster (Po0.001).
DISCUSSION
This study examined the clustering patterns of diet, PA and sedentary behaviour and their cross-sectional associations with sociodemographic indicators in younger and older children. To the best of the author's knowledge, this was the first study, among children, to use objective data on sedentary behaviour to identify behavioural clusters.
The finding of three clusters among younger and older children that varied by sociodemographic indicators highlights the complexity of the relationships between diet, PA and sedentary behaviour in that both healthy and unhealthy levels of these behaviours co-occurred in some groups, but not others, and is consistent with previous research that has used exploratory datadriven techniques. [11] [12] [13] 18 No single cluster was defined by healthy levels of all five behaviours. Instead, 35% of younger children and 32% of older children comprised the 'most healthy' cluster, characterised by achieving 460 min of MVPA/day and watching the least amount of TV. 42 Although FV intakes were higher in this cluster, the median intakes were below the current Australian recommendation of 1½ and 2 serves of fruit and 4½ and 5 serves of vegetables for younger and older children, respectively. 43 Current guidelines recommend children limit their intake of ED discretionary foods, but among both age groups, the daily median intakes of ED food/drinks were 43. 43 There are no current recommendations for total sedentary time but older children in this cluster spent the least time being sedentary.
The lack of a distinct healthy cluster is in contrast to previous research. Cameron et al. 12 reported one 'all-round healthy behaviours' cluster in which children aged 5-12 years met the daily recommendations for FV intake, ED food intake, screen-time and MVPA. Similarly, van der Sluis et al. 44 found a 'healthy' clustering of diet, PA and sedentary behaviour, however, snacking and soda consumption was based on three questionnaire items that included a limited range of ED food/drink. The concept of relativity should also be considered when comparing clusters across studies. For example, the findings from this research showed that compared with younger children, older children had a higher frequency intake of ED food/drinks, and while 82% of older children in the 'most healthy' cluster achieved the recommendation for MVPA/day, activity levels were lower than the younger children across all clusters. This highlights the capacity of data-driven approaches to identify lifestyle clusters that would not have been detectable if based on a priori methods such as 'lifestyle' scores.
This study found an unhealthy clustering of diet and TV viewing, which is consistent with a systematic review of observational studies that reported a relationship between TV viewing and higher intakes of ED food and lower intakes of FV. 45 In addition, Huh et al. 20 and Cameron et al. 12 found a clustering of screen-time with consumption of ED foods. An unhealthy clustering of sedentary behaviour and diet was also identified in three other studies that examined these behaviours. 11, 18, 46 In this study, there was a trend suggesting that girls were more likely to be in 'high sedentary/low MVPA' cluster than boys, particularly among older children. Girls who are highly sedentary may therefore be at greater risk of low PA levels. Although the accelerometer measure used in this study was able to capture important gender differences in total sedentary time, better elucidation of the types of sedentary behaviours that boys and girls engage in would assist the design of intervention programs targeting a reduction in sedentary behaviour.
In this study, an unhealthy clustering of diet and TV viewing was associated with low maternal education. Platat et al. 46 found that low parental education and low family income were associated with a high sedentary/high consumption of ED food/drink pattern in 12-year-old children, consistent with the findings from this study. It may be that people of a lower SES are less financially able to provide healthy dietary choices and prefer to watch TV as a past-time thus confounding the association between TV viewing and ED food/drink intake. Understanding the causal factors mediating the relationship between SES and the clustering of unhealthy behaviours are vital. The mechanisms by which obesityrelated behaviours cluster in an unhealthy way in some population groups but not others are an underexplored area. Qualitative research based on well-established health behaviour Abbreviations: ED, energy-dense; MVPA, moderate-to-vigorous physical activity.
Clustering of children's obesity-related behaviours RM Leech et al theories may help uncover the potential barriers and drivers of these behavioural clusters. Among older children, an unhealthy clustering of diet and TV viewing was associated with marital status. This is a novel finding with few studies examining differences in clusters by marital status. However, the relationship observed was only moderately significant and warrants investigation in future studies.
This study included a measure of TV/DVD viewing but did not include other potentially important screen-based activities and is a limitation of the study. The diet measure was assessed via parental report, which is prone to recall bias, leading to potential over-and under-reporting. 47 The accuracy of parental reports of their child's TV viewing is unclear. 48 Although parents generally report lower estimates of their child's TV viewing compared with child selfreport, parental and child reports tend to be well correlated. 48 In this study, however, it is possible that parental reporting of TV time may have been overestimated since the response options were provided in 30-min intervals. Objective measures of TV viewing are needed. 48 There was little differentiation in the clusters by FV intake. A similar finding was also reported in a recent study of older adults. 49 Although the FFQ may not have adequately captured total FV consumption in the sample, the low levels of FV consumption across the cohort are unlikely to be a distinguishing characteristic. Some FFQ items also had a high level of missing values, which may have also introduced bias via under-reporting. However, these items were a mix of healthy and unhealthy foods and therefore no one particular group of foods appears to have been systematically missed. There were no significant differences (post hoc w 2 analyses) in gender or maternal education among younger and older children who had missing FV or ED items compared with those who had no missing items. Low response rates may have introduced selection bias; response rates were lower for families of younger children and for family of children in low and middle SE areas. However, the overall prevalence of overweight/obesity in the study sample was close to the national average of 25% for 5-to 17-year-old children. 4 This study and previous research 15, 16, 25 has shown there are important gender differences across clusters; however, this study did not examine boys and girls separately because of the sample size and important gender-specific associations may have been missed. Another issue may be season of data collection. Data for this study were collected across all four seasons for both age cohorts, it is therefore possible that cluster membership may differ between seasons.
Although the use of CA to determine mutually exclusive groups of people with shared characteristics is well documented, 40 there are steps in the analysis that require subjective decisions, which may impact the number and types of clusters reported. This study attempted to minimise subjectivity by using an empirical stopping rule, the Calinski-Harabasz index, to determine the optimal number of clusters. It is also important to note that CA is a data-driven, person-centred approach and that the clusters found in this sample may not be generalisable to other populations.
Strengths of this study were the investigation of the clustering of five different obesity-related behaviours and their associations with sociodemographic indicators in a diverse SE sample of younger and older children. Cluster patterns were also derived from objective measures of habitual MVPA and sedentary time. This study identified clustering patterns of diet, PA and sedentary behaviour in children, and across sociodemographic groups, and these findings suggest future public health initiatives might benefit in targeting a reduction in both TV viewing and ED food intake, particularly to children of a low SES. However, little is known about why these clustering patterns occur in some groups but not others and further research in this area is needed.
